We have studied a method to obtain both three-dimensional (3-D) spatial information and spectral information of a usual polychromatic object simultaneously by making use of a specifically designed two-wavefront folding interferometer and signal processing, including synthetic aperture technique, spectral decomposition, and 3-D image retrieval. The method uses only interferometric techniques and signal processing applied to the interferogram generated by propagated light from the measured object 1-2 . We call the method the digital holographic 3-D imaging spectrometry.
INTRODUCTION
Over the past several years, we have reported experimental results in retrieving the 3-D position and spectrum of a monochromatic point source 3 , and a pair of monochromatic point sources of different frequencies, located at different positions 4 . In our recent paper, we have presented experimental results of the method applied to retrieve the spectral components of 3-D images for the spatially incoherent polychromatic object 5 . The measured object in the experiment was the three planar light sources of different shapes. Each planar source has different continuous spectra, located at different 3-D positions. As a result, the 3-D images of the three planar light sources for multiple spectral bands are successfully obtained by our method.
It is well known that, the resolution of the transverse directions for the incoherent holography is considered to be determined with the aperture size as in the coherent holography. The reports of longitudinal resolution along depth direction in the incoherent holography is, however, still rare and has not been sufficiently investigated. The primary purpose of this paper is then to present a longitudinal resolution along the optical axis for the retrieved 3-D spatial information of the measured object. For this purpose, we have investigated the retrieved intensity distributions along depth direction (z-axis) of the 3-D images. The experimental results of 3-D imaging of the retrieved image, especially the depth imaging for the spatially incoherent light source distribution with continuous spectrum are also demonstrated. 
Synthetic aperture technique to generate reduced volume (3-D) interferogram
To compute the reduced volume (3-D) interferogram, we apply the synthetic aperture technique to the 5-D interferogram. We will find this interferogram is suitable for retrieving the source information under observation by the selection rule ( , and ) and the rearrangement ( , and ). The rearranged data set forms the reduced volume (3-D) interferogram (see Fig.3 ).
Recovery of a set of complex holograms of different spectral bands
We find that wavefront information at different wavelengths can be separated from the reduced volume interferogram. Therefore, a set of cross-spectral densities for every spectral component is calculated from the reduced volume interferogram by taking Fourier transform with respect to its depth (Z) as the spectral decomposition technique. 
Retrieval of 3-D image for many spectral bands
From these incoherent holograms, the 3-D spatial information of the light source distribution at each spectral component is obtained by making use of the basic propagation law applied to the cross spectral density. This cross spectral density is actually equivalent to the incoherent, complex holograms.
EXPERIMENT RESULTS
In the present experiment, we used LED (Light emitting diode) as the incoherent light source to be measured. The peak wavelength of the continuous spectrum of the light source locates nearly 504 nm. To create planar light source, we attached acrylic stick to the surface of the light source. The cross section on the other side of the acrylic stick is fabricated to a triangular shape. The planar light source is set up on the x-y stage of the two-wavefront folding interferometer. The distance to light source measured from the observation plane is 55 mm. The x-y stage is moved along the x-and y-axes at 12.9μm in every step. The prism P, placed on the piezo translator (PZT), is also moved 0.08μm in every step as well. The total steps of the experiment are 64×64×64. Figure 4 shows the continuous spectral profile measured across the observation plane that is acquired from the reduced volume interferogram. The spectral peak around 504 nm is clearly visible. The phase distribution and absolute value of the crossspectral density at the spectral peak are shown in Figure 5 (a) and (b), respectively. This absolute value has its intensity peak at the origin of the observation plane and, then, is proportional to the spectral degree of coherence. We may then call this area the coherence area of the propagating light from the light source to the observation plane. Its extension depends upon the size and the distance of the light source. (a) (b) (c) Figure 5 . Phase distribution (a) and absolute value (b) of the cross-spectral density at λ = 504nm. In-focus image (c) over x-y plane at z = 55mm. Figure 6 shows the intensity distribution of retrieved image over the y-z plane. It is interesting that the dominant light beam backward propagating from the coherence area on the observation plane to the distance of the object forms most parts of the (3-D) source image. In addition, we have plotted the intensity profile along the z-axis is shown in Figure 7 .
The maximum intensity of light source appears close to the actual distance 55 mm from the observation plane. Thus, the depth information of the light source is properly retrieved. 
CONCLUSION
We have shown that, both 3-D spatial information and spectral information of a spatially incoherent, polychromatic light source may be obtained by the digital holographic three-dimensional imaging spectrometry which uses a two-wavefront folding interferometer and signal processing including aperture synthesis, spectral decomposition, and 3-D image retrieval. The retrieved intensity distributions along the depth direction have been investigated. Consequently, we find that the backward propagated light from the coherence area across the observation plane plays a crucial role in generating the dominant parts of 3-D source image.
